.4nmol/min per mg of protein) that corresponds to 42-61 % of the rate of uric acid oxidation. Addition of azide increases these H202 rates by a factor of 1.4-1.7. 6. The concentration of cytosolic uric acid is shown to vary during the isolation of the cellular fractions. 7. Microsomal fractions produce H202 (up to 1.7nmol/min per mg of protein) at a ratio of 0.71-0.86mol of H202/mol of NADP+ during the oxidation of NADPH. H202 is also generated (6-25 %) during the microsomal oxidation of NADH (0.06-0.025mol of H202/mol of NAD+). 8. Estimation of the rates of production of H202 under physiological conditions can be made on the basis of the rates with the isolated fractions. The tentative value of 90nmol of H202/min per g of liver at 22°C serves as a crude approximation to evaluate the biochemical impact of H202 on cellular metabolism.
1. The enzyme-substrate complex of yeast cytochrome c peroxidase is used as a sensitive, specific and accurate spectrophotometric H202 indicator. 2. The cytochrome c peroxidase assay is suitable for use with subcellular fractions from tissue homogenates as well as with pure enzyme systems to measure H202 generation. 3. Mitochondrial substrates entering the respiratory chain on the substrate side of the antimycin A-sensitive site support the mitochondrial generation of H202. Succinate, the most effective substrate, yields H202 at a rate of 0.5nmol/min per mg of protein in state 4. H202 generation is decreased in the state 4 -* state 3 transition. 4. In the combined mitochondrial-peroxisomal fraction of rat liver the changes in the mitochondrial generation of H202 modulated by substrate, ADP and antimycin A are followed by parallel changes in the saturation of the intraperoxisomal catalase intermediate. 5. Peroxisomes supplemented with uric acid generate extraperoxisomal H202 at a rate (8.6-16 .4nmol/min per mg of protein) that corresponds to 42-61 % of the rate of uric acid oxidation. Addition of azide increases these H202 rates by a factor of 1.4-1.7. 6. The concentration of cytosolic uric acid is shown to vary during the isolation of the cellular fractions. 7. Microsomal fractions produce H202 (up to 1.7nmol/min per mg of protein) at a ratio of 0.71-0.86mol of H202/mol of NADP+ during the oxidation of NADPH. H202 is also generated (6-25 %) during the microsomal oxidation of NADH (0.06-0.025mol of H202/mol of NAD+). 8. Estimation of the rates of production of H202 under physiological conditions can be made on the basis of the rates with the isolated fractions. The tentative value of 90nmol of H202/min per g of liver at 22°C serves as a crude approximation to evaluate the biochemical impact of H202 on cellular metabolism.
The presence of a large quantity of catalase (cat.) (Sumner & Dounce, 1937; Agner, 1938) and its short half-life in the liver (Price et al., 1962; Poole, 1969) suggest a significant physiological function for this haemoprotein(deDuve &Baudhuin, 1966; Deisseroth & Dounce, 1970) . The discovery of the coupled oxidation described by Keilin & Hartree (1945) 
Cat.-H202 + ½c,,H led to the distinction between the 'catalatic' and the 'peroxidatic' (Theorell, 1948; Chance, 1950) modes of action of catalase and established its capability of oxidizing a variety of substrates (Chance & Herbert, 1950) . Subsequent investigations on the metabolisms of methanol (Chance, 1947; Aebi et al., 1957a) , ethanol (Jacobsein, 1952) , formic acid (Aebi et al., 1957b) and nitrite (Heppel & Porterfield, 1949) indicate a probable role of liver catalase in the oxidation of these substances. de Duve & Baudhuin (1966) proposed an alternative possible role of catalase in carbohydrate metabolism by co-operation of the peroxisomal oxidases and the soluble glycolytic enzymes. Evidence for the significance of these postulated functions is lacking, mainly owing to the >-Cat. + C=O + H20 lack of knowledge on the nature and effectiveness of the intracellular sources of H202.
A promising technique for the determination of H202-generation rates is afforded by the enzymesubstrate compounds of catalase and peroxidases, which have a characteristic high affinity for H202. The rates of formation of the catalase intermediate in subcellular suspensions (Chance & Oshino, 1971) and the steady-state concentration of the catalase intermediate in subcellular fractions (Chance & Oshino, 1971) , in intact bacteria (Chance, 1950) or in perfused liver (Sies & Chance, 1970) , have been used for this purpose.
A fluorescent hydrogen donor for the horseradish peroxidase reaction also affords an H202 indicator (Avi-Dor etal., 1954) and determinations by Loschen et al. (1971) established intact mitochondria as a novel source of H202 by the use ofthe scopoletin peroxidase method (Andreae, 1955; Perschke & Broda, 1961) . Another fluorimetric method involving the use of the dye, diacetyldichlorofluorescein (Keston & Brandt, 1965) , was previously utilized by Hinckle et al. (1967) to detect the evolution of H2O2 from submitochondrial particles. However, interferences in the above methods are to be expected owing to the broad specificity of horseradish peroxidase towards endogenous and exogenous hydrogen donors (Andreae, 1955) .
Yeast cytochrome c peroxidase (Cyt. c peroxidase) has high specificity for reduced cytochrome c:
Cyt. c peroxidase + H202 -+ Cyt. c peroxidase-H202 (ES complex) Cyt. c peroxidase -H202 + 2 Cyt. c2+
Cyt. c peroxidase + 2 Cyt. C3+ + 2 HO-
In the present paper we describe the use of the ES complex of cytochrome c peroxidase as a sensitive spectrophotometric H202 indicator. This method, when applied to subcellular fractions, reveals that in addition to the known peroxisomal oxidases, mitochondrial and microsomal electron-transport systems must be considered as intracellular sources of H202.
Materials and Methods
Yeast cytochrome c peroxidase, prepared by the method of Yonetani & Ray (1965) (1948) in MSE buffer (225 mM-mannitol, 75mM-sucrose, 0.2mM-EDTA, pH7.2). The livers were perfused with MSE buffer before homogenization to eliminate haemoglobin. The pellet, after centrifugation of the homogenate at 700g for 10min, was discarded. The supernatant (termed the 'homogenate') was centrifuged at 5000g for 10min and the pellet, obtained after the 'fluffy layer' had been discarded, was washed. It was considered to consist of mainly heavy intact mitochondria and was termed the 'mitochondrial fraction'. The supernatant fractions were centrifuged at 12 OOOgfor 0min and then were washed, and the collected pellet including the fluffy layer, which consists of light mitochondria, peroxisomes, lysosomes and some microsomal membranes, was considered to be the 'peroxisomal fraction'. The 12000g supernatant was centrifuged at 104000g for 60min to precipitate the 'microsomal fraction' and obtain the 'supernatant'.
The combined mitochondria-peroxisome fraction was used for the comparison of the rate of H202 generation and the steady state of the catalase intermediate as described by Chance & Oshino (1971) . The trichloroacetic acid supernatant was prepared by treating a 1:5 (v/v) homogenate in water with 5% (v/v) trichloroacetic acid immediately after homogenization. After centrifugation at 4000g for 10min the supernatant was removed, neutralized and assayed for uric acid. Sonication of peroxisomes was performed by using Sonifier Cell Disrupter, model W185, Ultrasonics Inc., Plainview, N.Y., U.S.A. Peroxisomes were suspended in MSE buffer at a protein concentration of 10mg/ml and were sonicated three times for 30s at 0°C.
Uric acid oxidation was determined spectrophotometrically at 293 minus 320nm in 0.5cm light-path cuvettes (AemM = 12.3 litre -mmol-1 -cm-'; Stimson & Reuter, 1943) . Uric acid concentration in the supernatant was assayed by adding either 10,ug of uricase/ ml and 0.1 /tM-haem of catalase, or peroxisomal fraction (0.OSmg/ml) to a supematant diluted with 50mM-potassium phosphate buffer, pH7.6. Spectra were taken from 320-270nm with a model 356 Perkin-Elmer double-beam spectrophotometer until no further decrease in E29s was observed.
Peroxisomal catalase was measured spectrophotometrically at 430 minus 407mm (AemM = 100 litremmol' -cm-') after conversion into its cyanide complex by addition of 0.4mM-KCN (N. Oshino, unpublished work). Free catalase in the peroxisomal suspension, which was released from broken peroxisomes, was determined in the supernatant after dilution (1:6 to 1:150) and centrifugation (40000g, 15min).
Nicotinamide nucleotides and cytochrome bs were determined spectrophotometrically at 350 minus 370nm (AemM= 4.0 litre-mmol--cm-1) and 424 minus 409nm (ALe,m= 185 litre mmol--cm-'; Omura & Sato, 1964) respectively. The oxygen consumption of the homogenate was determined polarographically to be 350nmol of 02/min per g of liver.
Pigeon heart mitochondria were obtained as described by Chance & Hagihara (1963) . Protein was measured by the biuret reaction (Gornall etal., 1949 (Yonetani, 1965) . The second pair gives not only increased sensitivity for the ES complex, but also an undesirable increase of sensitivity to changes in light-scattering. The low protein concentration used in the assay diminishes the optical interference from cytochromes that occurs immediately on addition of the reagents, which thus does not affect the rate measurements and represents <5 % of the total absorption change with mitochondria and <20 % with microsomal fraction (reduction of cytochrome bs, see Fig. 9 ). Both a model 356 PerkinElmer and an Aminco-Chance double-beam spectrophotometer were used for these determinations. All measurements were made at room temperature (21-23°C). (Fig. 1) are at 402 and 407am in the Soret region respectively (Chance, 1949; Yonetani & Ray, 1965) . Addition of both succinate and antimycin A, which enhances the generation of H202 from mitochondria as described below, results in shifts of the absorption maximum to 417 and 419nm respectively, within a few minutes. The new derivatives were identified as horseradish peroxidase-H202 compound II and cytochrome c peroxidase ES complex respectively by comparison with the spectral characteristics reported by Yonetani (1965) , as well as by control experiments in which H202 was added to Vol, 128
Results
The H202-generation rate calculated from the steepest slope of the trace by using ,emM (417- Concn. of glucose oxidase (,uglml) Fig. 3 . Relation between the amount ofglucose oxidase and the rate of trapping of H202 by cytochrome c peroxidase
For details see the text. The reaction medium was 225mM-mannitol, 75mM-sucrose, 30mM-trismorpholinopropanesulphonic acid buffer, pH7.4, 5mM-glucose and 1.5 /LM-cytochrome c peroxidase.
0.33 mg of protein per ml. In contrast, the formation of the cytochrome c peroxidase-H202 intermediate is linear in time until all the cytochrome c peroxidase is converted into its ES complex, as shown by Fig.  2(b) . Further, the rate of H202 generation calculated from this latter trace, by using AEIM (419-417nm) = 50 litre mmol1-cm-', is 1.2,FM/min per 0.33mg of protein per ml. This difference in rates might indicate an interference from an unidentified hydrogen donor, in the peroxidase or in the preparation, that precludes the use of horseradish peroxidase of this purity as a quantitative spectrophotometric H202 indicator. Fig. 3 shows that the cytochrome c peroxidase assay can be applied to the detection and determination of H202-generation rates in the range 0.1-1.2,uM/min. When H202 is provided by the glucoseglucose oxidase system, the method gives a linear relationship between the rates of H202 production and the amount of added glucose oxidase.
The recovery of H202 from the glucose-glucose oxidase system by this method was further tested in the presence of subcellular fractions and is summarized in Table 1 . Subcellular fractions contain their own H202-generating systems and their own endogenous substrates, and further these generation rates are enhanced by additions of specific substrates for those fractions (Table 1 , column 1). The characteristics of H202 generation by the different subcellular fractions themselves are described in detail below.
Addition of glucose to the subcellular fractions does not stimulate H202 production by each fraction.
The subsequent addition of glucose oxidzise results in a rapid formation of the ES complex. The increase in the rate of H202 generation ( To evaluate the interference by catalase with the cytochrome c peroxidase assay, the rate of formation of cytochrome c peroxidase ES complex was tested in the absence and in the presence of catalase. H202 was provided by the glucose-glucose oxidase system (Fig. 4) . Substituting into eqn. (11) (see the Appendix) for k4= 1.8x107M-1s1 , p/e 0.3 and k-5 x 107M-'S-1 a,nd for 0.2VM-cytochrome c peroxidase (el) and 1 uM-1972 Application of the cytochrome c peroxidase to subcellular fractions Mitochondrialgeneration ofH202. Indirect (Chance & Oshino, 1971 ) and direct measurements (Loschen et al., 1971) pointed to intact mitochondria as a source of H202.
Fig . 5 illustrates the production of H202 by rat liver mitochondria. The rate of H202 generation is indicated as an upward slope owing to the formation of the cytochrome c peroxidase ES complex. Table 1 shows that the recovery of H202 by this assay is 97-103 % and that, if intact mitochondria are used, cytochrome c located on the inner mitochondrial Vol. 128 membrane cannot react with exogenous cytochrome c peroxidase, since the outer mitochondrial membrane is impermeable to cytochrome c peroxidase (Chance, 1971) . At the beginning of the trace a slow endogenous rate of H202 production is recorded. Addition of succinate speeds up H202 production by a factor of six and, after that, the addition of ADP (state 4 -> state 3 transition) (Chance & Williams, 1956 ) decreases it to a value similar to that in the absence of substrate. When all the added ADP is phosphorylated, there is an acceleration paralleling the changes in the mitochondrial metabolic state. A further addition of ADP produces the transition to the active state, with the corresponding slow rate of H202 production. The addition of antimycin A further stimulates the rate. Peroxisomal generation of H202. The peroxisomerich fraction used in these experiments is not pure; it contains light mitochondria, rough microsomal membranes and lysosomes as well. The intracellular distribution of catalase activity in the subcellular fractions is: 60 % of the total in the 'peroxisome-rich fraction', 8 % in the heavy mitochondrial fraction and the remaining activity (25-30%) is recovered in the supernatant+microsomal fraction. Similarly when uricase activity was considered 65 % was found in the Fig. 8 . The amount of uric acid found in the supernatant corresponds to a cytosolic concentration of 3.2mM. When a similar experiment is carried out with a trichloroacetic acid supernatant a corresponding cytosolic concentration of 0.1 mM-uric acid is found. Thus the accumulation of uric acid in the supernatant fraction is a consequence of the separation of the particulate peroxisomes (containing uricase) from the homogeneous phase containing the soluble enzymes of the purine-degradation pathway.
The lack of effect of azide in the deoxycholatetreated and in the sonicated peroxisomes (Table 4) seems to show that catalase in free solution at a concentration of 0.05-0.1lM (calculated from the 1972 Table 4 . Production ofH202 by peroxisomalpreparations from rat liver Peroxisomal fractions were suspended in the buffer described in Table 1 and were assayed for H202 production spectrophotometrically at 419 minus 407nm in the presence of 1.2,uM-cytochrome c peroxidase at a protein concentration of 0.07-0.38mg/ml, and were assayed for oxygen uptake polarographically at a protein concentration of 0.7-2.8mg/ml, and were assayed for uric acid oxidation spectrophotometrically at 293 minus 320nm at a protein concentration of 0.76-1.54mg/ml. Uric acid was 40,uM for the spectrophotometric determinations and 300,tM for the polarographic assay. Oxygen uptake was measured in the presence of 34mM-ethanol. (Table 4 ) a more purified (three times washed) peroxisome-rich fraction was also used (the higher specific activity and the lower H202-generation rate supported by endogenous substrate should be noted).
Peroxisomal fraction and substrate+additions
To estimate the intactness of the peroxisomal membrane, the amount of free catalase in this preparation was measured (see the Materials and Methods section) and was found to be 15 % of the total catalase. The rate of formation of the cytochrome c peroxidase ES complex representing diffusion of H202 accounts Vol. 128
for 61 and 95% of the rate of uric acid oxidation, which corresponds to the rate of intraperoxisomal H202 generation in the absence and in the presence of azide respectively. Microsomal production of H202. When a microsomal suspension is assayed for H202 by the cytochrome c peroxidase test, a slow endogenous production that decays after 2 or 3min is detected. On addition of NADPH, the generation of H202 increases to values that account for 71-86% of the rate of nicotinamide nucleotide oxidation in the different buffers. The highest activity (1.7nmol of H202/min per mg of protein) is observed in the microsomal preparation suspended in the phosphate buffer. When NADH is added as substrate the rates of H202 generation account for 6-25 % of the rate of nicotinamide nucleotide oxidation in the different buffers. The highest activity (0.47nmol of H202/min per mg of protein) is observed in the microsomal preparation suspended in mannitol-sucrose-tris-morpholinopropanesulphonic acid buffer.
The effect of 2OtM-azide on the microsomal production of H202 was tested to evaluate any interference from contaminating catalase, but no increase in the rates of H202 generation was observed after addition of NaN3.
The rate of auto-oxidation of cytochrome b5 was tested with the microsomal preparation suspended in different buffers. Fig. 9 shows that cytochrome b5 is oxidized in a first-order process after exhaustion of substrate (Chance & Pappenheimer, 1954; Oshino & Sato, 1971) . The rate constants for the oxidation of cytochrome bs in the different buffers are listed in Table 5 . The electron fluxes through this cytochrome are clearly smaller than the maximal microsomal rates of H202 generation, especially when compared with the NADPH-supported rates, and exclude the possibility of cytochrome bs being a significant microsomal generator of H202. If we assume, on the basis of the higher rates of H202 generation observed in the presence ofNADPH, that the H202 generator is a member of the microsomal NADPH-oxidation pathway, the inverse relation between the rates of cytochrome b5 oxidation and H202 generation found in the different buffers can be interpreted as modifications in the interaction between both microsomal systems of nicotinamide nucleotide oxidation.
Discussion
The aim of this paper is a double one. First, it introduces a new sensitive assay for the determination of H202 in biological samples. Secondly, by using the cytochrome c peroxidase assay, it gives the rates of production of H202 by the different subcellular fractions, which summed up provide an estimate of the cellular generation of H202.
The remarkable affinity of enzyme and substrate in the case of the peroxidases and the high extinction coefficients of the ES complexes afford spectrophotometric H202 indicators of high sensitivity. The use of cytochrome c peroxidase in preference to the several other peroxidases offers the further advantage of the unusual stability of its ES complex, presumably because of the high specificity of cytochrome c peroxidase towards hydrogen donors. These qualities afford a specific and sensitive indicator for H202 in the range 0.1-1.0,uM.
The production of H202 by submitochondrial particles was reported by Jensen (1966) and by Hinckle et al. (1967) . The fact that intact mitochondria can generate H202 under physiological conditions was inferred from changes in the degree of saturation of the catalase intermediate after changes in mitochondrial metabolic states in the peroxisomal mitochondrial fraction of rat liver (Chance & Oshino, 1971 The reaction mixture contained, in a final volume of 3.Oml, 1 mg of protein of the microsomal fraction, 225mM-mannitol, 75mM-sucrose and 20mM-tris-morpholinopropanesulphonic acid buffer, pH7.4. After an addition of 1.2UM-NADH, the change in the redox state of cytochrome bs was measured at 424 minus 409nm. In the inserted small figure the concentration of reduced cytochrome bs at a given time in the reoxidation process is plotted against time. The apparent first-order rate constant (k') was estimated from the slope of the curve as described by Oshino & Sato (1971) . Table 5 . H202 production, nicotinamide nucleotide oxidation and cytochrome b5 oxidation in rat liver microsomal fraction Microsomal fractions were suspended in the different buffers and were assayed for H202 production in the presence of 1.4,uM-cytochrome c peroxidase at 0.27mg of protein/ml, were assayed for nicotinamide nucleotide oxidation at 0.36-0.72mg of protein/ml, and were assayed for cytochrome b5 oxidation at 0.36mg of protein/ml. The composition of the buffers is as follows: A, 225 mM-mannitol, 75mM-sucrose and 30mM-tris-morpholinopropanesulphonic acid buffer, pH7.4; B, 225mr-mannitol, 75mM-sucrose, 0.2mM-EDTA and 30mM-potassium phosphate buffer, pH7.4; C, 150mM-KCl and 30mM-tris-morpholinopropanesulphonic acid buffer, pH7.4; D, 100mM-potassium phosphate buffer, pH7.4. The electron rate (e-rate) through cytochrome bs was calculated from e-rate = k' [bs] , and cytochrome b5 concentration ([b5] ) was taken as our average value of 0.37nmol/mg of protein. k' was estimated as described in Fig. 9 in pigeon heart nmitochondria. Our present results report rates of H202 production associated with different substrates and metabolic conditions. It is apparent that all the mitochondrial substrates enterVol. 128 ing the respiratory chain before the antimycin Asensitive site are able to support H202 generation. If we assume that there is only one H202 generator in mitochondria, it seems that this H202 generator is a member of the respiratory chain or in equilibrium with it; the increased oxidation of the respiratory carriers in the active mitochondrial states prevents the formation of H202, whereas the reduced states enhance the rate of reaction with 02.
The other system of electron transport in the cell, the membranes of the endoplasmic reticulum system, were claimed to be a source of H202 as early as 1957 by Gillette et al. (1957) . Our results (Table 5) show that in the absence of hydroxylating substrates the microsomal oxidation of NADPH yields H202 almost quantitatively. As the ability of flavoproteins to generate H202 is well known (Dixon, 1971) and, further, the microsomal NADPH-specific flavoprotein exhibits unusual reactivity towards electron acceptors such as cytochrome c, it seems reasonable to assume that the NADPH-cytochrome c reductase might be the microsomal H202 generator.
NADPH is more effective than NADH in promoting the microsomal oxidation of methanol (OrmeJohnson & Ziegler, 1965) and ethanol (Lieber & DeCarli, 1970) . This fact can be reinterpreted as the nicotinamide nucleotide specificity of the microsomal production of H202, which is able to oxidize alcohols through the peroxidatic reaction of catalase. In addition, it seems that H202 could be considered as the initiator of the process of microsomal-lipid peroxidation (Hoschein & Ernster, 1963; Ernster & Nordenbrand, 1967) .
We have shown that some (40-80 %) of the H202 generated in the peroxisomes is destroyed inside the organelle, and that the remaining 20-60 % diffuses to the surrounding medium and is detected by the cytochrome c peroxidase assay. It is noteworthy that the rates measured with this method are rates of generation of free H202. In spite of being 'free' H202, no significant concentration of H202 is built up under the conditions of the experiment, as H202 is converted into the cytochrome c peroxidase-H202 intermediate.
The very low H202 concentration maintained in the medium surrounding the peroxisomes, because of the presence of cytochrome c peroxidase and the permeability of the peroxisomal membrane to H202, can be regarded as the cause of the apparent ineffectiveness of catalase in destroying the intraperoxisomally generated H202. A reaction sequence of the type:
Cat. inside H20 + j02
-[H2021 passage across the membrane of the internal H202. The high permeability of the peroxisomal membrane to H202 (de Duve, 1963; de Duve & Baudhuin, 1966) should be considered of primary physiological importance in allowing a rapid equilibration of the H202 concentrations at both sides of the peroxisomal membrane.
The observed increase in the haem occupancy of the peroxisomal catalase in parallel with the changes in mitochondrial H202 generation seems to be pertinent to this consideration. The possibility of H202 leaking out from catalase-loaded peroxisomes has been advanced by Poole (1968) on theoretical grounds.
Considering the whole rat liver homogenate, the rate of H202 production [38nmol/min per g of liver at 22°C (Table 6 ), which accounts for about 10% of the total oxygen uptake] agrees with the reported rate of methanol oxidation (llOnmol/min per g of liver, at 37°C; Goodman & Tephly, 1968) , a process catalysed by catalase that should be strictly limited by the supply of H202.
To consider the relative importance of the different subcellular fractions and the total cellular generation of free H202 in the whole liver, we have calculated the values shown in Table 6 from average values of specific activities and amount of protein isolated in the different fractions. Very approximate assumptions are made to estimate some approximate values that could approach the physiological conditions.
For instance: (a) the mitochondrial value is chosen by assuming that the succinate-supplemented state 4 approximates to the physiological liver condition (Scholz et al., 1969) ; (b) the microsomal value is estimated by assuming a non-limiting concentration of NADPH and without consideration of the impact that hydroxylation of substrates could make on H202 production; (c) the peroxisomal fraction generates intraperoxisomal H202 at any rate between 44 and 172nmol/min per g of liver, respectively the rates with endogenous substrate and after addition of a supernatant fraction in which accumulation of uric acid has been noticed. We estimate a mean value of lOOnmol/min per g wet wt. of liver, from which, assuming that the cytosolic concentration of H202 is negligible, approx. 30% would be able to diffuse out of the peroxisome. (The accumulation of (Paul & Sbarra, 1968) , oxygen poisoning (Gerschman, 1964) and radiosensitivity (Menzel, 1970) . The extrapolation of the rates estimated from isolated fractions to whole liver or even to liver slices appears to have some pitfalls, as the whole series of the biological regulatory devices may not be reconstructed by simple summation of subcellular fractions. However, by neglecting substrate regulation, it could be considered that H202 production might account for about 5% of the oxygen uptake in rat liver slices. On the one hand, the incomplete recovery of the subcellular fractions suggests that this value is an underestimate. On the other hand, the intracellular 02 partial pressure (less than 5ObLM-O2; Kessler, 1968) could certainly be considered as rate limiting for the peroxisomal (Km = 1OOUM-O2; de Duve, 1963 ) and the microsomal (Km = 50UM-02; Thurman et al., 1972) H202-producing enzymes, thus establishing the mentioned percentage as an upper limit for whole liver.
